We have observed high-dispersion echelle spectra of red giant members in the five open clusters NGC 1342, NGC 1662, NGC 1912, NGC 2354 and NGC 2447 and determined their radial velocities and chemical compositions. These are the first chemical abundance measurements for all but NGC 2447. We combined our clusters from this and previous papers with a sample drawn from the literature for which we remeasured the chemical abundances to establish a common abundance scale. With this homogeneous sample of open clusters, we study the relative elemental abundances of stars in open clusters in comparison with field stars as a function of age and metallicity. We find a range of mild enrichment of heavy (Ba−Eu) elements in young open cluster giants over field stars of the same metallicity. Our analysis succinct that the youngest stellar generations in cluster might be under-represented by the solar neighborhood field stars.
INTRODUCTION
The first generation stars formed in galaxies are composed almost entirely of hydrogen and helium. When these stars evolve and return their nuclear-processed interiors to the interstellar medium (ISM), the enriched gas then present will be incorporated into future generation of stars. The amount of the chemical elements observed today and the timescales over which the ISM is being enriched with heavy metals are then, a function of many processes: the star formation rate (SFR), the initial mass function (IMF), the rate of element production and eventual return to the ISM via mass-loss and thresholds on the gas density for the star formation to proceed. The synthesis of the chemical elements and their return to the ISM are functions of lifetime and mass of stars. As the physical conditions such as the surface density of gas in the galactic disk and the SFR vary throughout many galaxies, the observed/derived abundances are a function of position as well. Therefore, the precise measurement of the variation of chemical elements as a function of radius in the galactic disk (i.e. the radial abundance gradient) and ⋆ E-mail: sudha@iiap.res.in (ABSR); giridhar@iiap.res.in (SG); dll@astro.as.utexas.edu (DLL) the gradient's temporal variation over the disk's lifetime are essential to develop a complete picture of Galactic evolution.
Stars numbering hundreds to thousands are born in rich open clusters (OCs) (see for example, De Silva et al. 2009 ). Many high-dispersion spectroscopic abundance analyses support the presence of chemical homogeneity among cluster members with a typical star-to-star abundance scatter of about 0.01 to 0.05 over many elements (Carretta et al. 2005; De Silva et al. 2006 Pancino et al. 2010 , Reddy et al. 2012 , hereafter Paper I and Reddy et al. 2013 . This implies that the OCs harbor coeval group of stars all formed in a single burst of star formation from a well mixed proto-cloud. An OC facilitates the measurement of basic parameters like age, distance, kinematics and metallicity more accurately than for field stars. The broad coverage of ages and Galactocentric distances of these OCs make them powerful tracers to map the structure, kinematics, and chemistry of the Galactic disk with respect to Galactic coordinates and its evolution with time.
For this reason, independent groups have attempted to derive two fundamental relations, the age-metallicity relation and the radial metallicity gradient in the disk, using OC elemental abundances. But, such studies are presently limited by the lack of large and homogeneous datasets. Several recent attempts have been made to construct a homoge- neous sets of precise metallicity measurements for OCs (see for example, Heiter et al. 2014) . Despite this effort to provide a homogeneous set of metallicities, many clusters lack spectroscopically determined chemical compositions. This series is intended to examine some of these clusters. This is our third paper reporting a comprehensive abundance measurements for red giants in OCs lacking detailed information on their chemical composition. In our previous papers (Paper I & II) we have presented abundance measurements for eleven OCs whose Galactocentric distances (Rgc) lie between 8.3 and 11.3 kpc with ages between 0.2 to 4.3 Gyr. Here, we add five OCs, four of which have not been previously analysed in detail, in the Galactic anticentre direction. Our overall goal is to improve our understanding of Galactic chemical evolution (GCE). We combine our newly observed OCs with clusters in the literature for which highresolution optical spectra have been published. Useful data on chemical composition is thus provided for an additional 53 clusters.
The layout of the paper is as follows: In Section 2 we describe the target selection and observations, and Section 3 is devoted to the data reduction and radial velocity measurements. Section 4 is devoted to the abundance analysis and in Section 5 we merge our sample OCs with those from the literature and describe the method adopted to establish a common abundance scale followed by a discussion on the assignment of OCs to Galactic populations. We discuss in Section 6 the relative abundances of open clusters in comparison with field star chemical compositions with respect to age and metallicity. In Section 7 we discuss the spread in chemical composition from cluster to cluster in the context of exploring the elements suitable for chemical tagging. Finally, Section 8 provides the conclusions.
TARGET SELECTION AND OBSERVATIONS
The new sample of OCs not yet subjected to abundance analysis, except NGC 2447, via high-resolution optical spectroscopy was chosen from the New catalogue of optically visible open clusters and candidates 1 (Dias et al. 2002) . Selection of the red giant members of an OC increases the distance over which the OC sample may be drawn but eliminates the very youngest clusters. Red giants provide spectra favourable for abundance determination: sharp lines with strengths from weak to strong for elements sampling the major processes of stellar nucleosynthesis.
We have made use of the WEBDA 2 database for the selection of suitable cluster members and cross-checked their astrometric and photometric measurements with the SIM-BAD 3 astronomical database and more recent measurements are adopted. Table 1 summarizes the basic properties of the target clusters: references to the adopted photometric [Fe/H] are also given; all quantities are from the databases while the Galactocentric distance, Rgc, was calculated assuming a distance of the Sun from the Galactic centre of 8.0±0.6 kpc (Ghez et al. 2008 ). The present sample of OCs covers a galactocentric distance of 8.4 to 9.1 kpc and an age range of 0.1 to 0.4 Gyr.
Observations were carried out during observing runs in 2011 May & November, 2012 November, and 2013 March using the Robert G. Tull echelle spectrograph (Tull et al. 1995) at the coudé focus of the 2.7-m Harlan J. Smith telescope located at the McDonald observatory. On all occa- Figure 1 . Normalized spectra of red giant members of the five OCs as described in Table 2 are presented in descending order of temperature (top to bottom) in the 6120−6165Å region. All the spectra are on the same scale but have been displaced vertically from each other for clarity and better visibility.
sions we employed a 2048×2048 24 µm pixel, backside illuminated, anti-reflection coated CCD as a detector and the 52.67 grooves mm −1 echelle grating with exposures centred at 5060Å. Each night's observing run included 5-10 zero second exposures (bias frames), 10-15 quartz lamp exposures (flat frames), and 2-3 comparison Th-Ar spectra to provide the reference wavelength scale. We also obtained on each observing night the spectrum of hot, rapidly-rotating stars to monitor the presence of telluric lines.
A total of twelve stars spread across the five OCs were observed. For each target, we obtained two to three exposures, each lasting for 20-30 min to minimize the influence of cosmic rays and to acquire a good signal-to-noise (S/N) ratio. All the spectra correspond to a resolving power of R 55,000 (< 6 km s −1 ) as measured by the FWHM of Th I lines in comparison spectra, except for the members of NGC 2354 whose spectra was taken at the lower resolution of 30,000. The spectral coverage in a single exposure from 3700Å to 9800Å across various orders was complete but for the inter-order gaps which begin to appear longward of 5600Å.
DATA REDUCTION AND RADIAL VELOCITIES
The spectroscopic data reductions were done exactly as in Paper I using various routines available within the imred and echelle packages of the standard spectral reduction software IRAF 4 . Briefly, the two-dimensional target star frames were 4 IRAF is a general purpose software system for the reduction and analysis of astronomical data distributed by NOAO, which is operated by the Association of Universities for Research in de-trended by subtracting bias level, correcting for scattered light and then divided by the normalized flat field. The individual echelle orders were traced, extracted to onedimensional spectra and then wavelength calibrated using Th-Ar spectra as a reference. Multiple spectra were combined to acquire a single, high S/N spectra for each star. The combined spectra have S/N ratios of about 100-180 as measured around 6000Å region, while shortward of 5000Å the S/N ratio decreases with wavelength and reaches a value of about 25 around 3700Å region. The noisy ends of each echelle order were trimmed to reduce the edge effects before continuum fitting. The spectrum was normalized interactively to unity with the available cursor commands in splot task of IRAF by marking continuum regions, those regions which are uneffected by the presence of spectral lines, on each aperture which were then fitted by a slowly varying function such as cubic spline of appropriate order for better normalization. We referred our spectra to high-resolution spectrum of Arcturus and Sun (Hinkle et al. 2000) to identify the continuum regions. Spectra of a representative region are shown in Figure 1 for one star from each of the five OCs.
We have verified the membership of target stars in each of the OCs using their radial velocities (RVs). RV of each star was calculated from its normalized spectrum by measuring the shift in the central wavelength from their laboratorary values of well defined line cores. The absence of systematic RV shift for the spectral lines selected from the blue and red wavelength regions strengthens the accuracy of our dispersion solution. The observed RVs were corrected for solar motion using IRAF's rvcorrect routine. Our mean RV measurements for all OCs save NGC 1912 are in fair agreement with the previous RV measurements for the red giants in OCs (Mermilliod et al. 2008) . For NGC 1912 , Mermilliod et al. (2008 derived a RV of −45.0±0.1 km s −1 using a single star (#405) which as noted by proper motion data of Mills (1967) is a cluster non-member. We have observed two stars (#3 & #70) from this cluster, whose individual proper motions are consistent with the mean proper motions of cluster, implying that they are cluster members. Moreover, the measured RVs (Table  2) and positions of the stars in a (B-V) colour-magnitude diagram (see Figure 2 ) are also consistent with membership. Based on a cross-correlation technique, Glushkova & Rastorguev (1991) derived a radial velocity of −1.0±0.58 km s −1 (one star), in a good agreement with our measured value of RV = +0.2±0.3 km s −1 (two stars). Hence, our radial velocity estimate for this OC would appear to be the first measurement available in the literature using high dispersion echelle spectra of two potential cluster members. Though the brighter giants in NGC 2447 are cluster members, we avoided them for observations as they have cool atmospheres with T eff 3800 K The journal of the observations for each of the cluster members is given in Table 2 together with the identifications, J2000 coordinates, available optical and 2MASS 5 photom- etry (Cutri et al. 2003) 6 , computed heliocentric RVs, and S/N of the spectra around 6000Å for each of the stars.
ABUNDANCE ANALYSIS

Line selection and Equivalent widths
The method of abundance analysis has been described in our Paper I, so we refer the reader to that paper for more information on the adopted line list and the source of references to atomic data. We employed a strict criteria to select clean, unblended, isolated and symmetric spectral lines due to weak and moderately strong lines of various atomic/ionic species avoiding the wavelength regions affected by telluric contamination and heavy line crowding. The line equivalent widths (EWs) were measured manually using the cursor commands in IRAF's splot package by fitting often a Gaussian profile and for a few lines a direct integration was performed for the best measure of EW.
Our final line list has about 300 absorption lines covering 24 elements in the spectral range ∼ 4300 − 8850Å. Becker et al. 1976 ) using the distance, reddening and age information from Dias et al. (2002) catalogue. We marked our program stars with open squares (red). Our selection criteria renders, on an average across the sample of 12 stars, a list of 100 Fe I lines with lower excitation potentials (LEPs) ranging from 0.9 to 5.0 eV and EWs of up to 180 mÅ and 15 Fe II lines with LEPs of 2.8 to 3.9 eV and EWs from ≃ 25 to 130 mÅ. Chemical abundances for almost all elements are based on lines weaker than 100 mÅ and strong lines were employed only for species represented by a few lines (for example, Mg I).
The accuracy of the derived abundances to a great extent depend on the quality of the gf -values which varies from line to line of a given element. The gf -values of high accuracy (5 to 10%) are available for a large fraction of iron lines (Fe I & Fe II) from recent critical reviews (Führ & Wiese 2006) . This gave us a freedom to select a large sample of absorption lines due to iron thanks to the presence of numerous iron lines in the optical region of spectra. As the overall goal is to have the best possible abundance determination, for non-Fe elements represented by fewer lines we have identified a set of self-consistent absorption lines having high-quality relative gf -values. We provide in Table 3 , the atomic data adopted for each spectral line and the EW measurements for all stars analysed.
We derived the solar abundances using solar EWs, measured off the solar integrated disk spectrum (Kurucz et al. 1984) , and the ATLAS9 model atmosphere for T eff ,⊙ = 5777 K, log g⊙ = 4.44 cm s −2 to establish a reference abundance scale and to reduce the systematic errors in final abundances. We found a microturbulence velocity of ξt = 0.95 km s −1 using Fe II lines. The derived solar abundances that agree well with the published values of Asplund et al. (2009) are reported in Table 4 of Paper I. We refer to our solar abundances when determining the stellar abundances, [X/H] and [X/Fe], i.e., our analysis is essentially a differential one relative to the Sun.
Determination of atmospheric parameters
As the EW of a spectral line is affected by the physical conditions in the stellar atmosphere and number density of absorbers, it is necessary to predetermine the atmospheric parameters to estimate the stellar abundances. We obtained our preliminary estimates from dereddened 7 optical and 7 The adopted interstellar extinctions are ( Alonso et al. (1999) . The surface gravities were computed by incorporating the known distance to the OCs, derived effective temperature T phot eff⋆ , bolometric correction BCV , cluster turn-off mass M⋆ and solar values of T eff ,⊙= 5777 K and log g⊙= 4.44 cm s −2 into the log g − T eff relation given by Allende Prieto et al. (1999) . The BCV s were derived from estimated effective temperatures and photometric metallicities (Table 1) using Alonso et al's (1999) calibration.
The turn-off mass of giants has been estimated by fitting the cluster CMD with Padova stellar evolutionary tracks of Marigo et al. (2008) : the adopted turn-off masses are 3.1 M⊙ for NGC 1342, 2.8 M⊙ for NGC 1662, 3.5 M⊙ for NGC 1912, 3.5 M⊙ for NGC 2354, 2.9 M⊙ for NGC 2447. For all clusters, the fundamental cluster parameters (age, distance and reddening) of Dias et al. (2002) catalogue were adopted.
We refined our photometric estimates of atmospheric parameters using spectroscopy. The line list and model atmospheres were then used as inputs to the local thermodynamical equilibrium (LTE) line analysis and spectrum synthesis code MOOG 9 for an abundance analysis. The onedimensional, line-blanketed plane-parallel uniform model atmospheres by assumption of LTE, hydrostatic equilibrium and flux conservation were interpolated linearly from the ATLAS9 model atmosphere grid of Castelli & Kurucz (2003) .
We performed a differential abundance analysis relative to the Sun by running the MOOG in abfind mode. Starting from a model with photometric estimates of atmospheric parameters and the measured EWs, the individual line abundances were force-fitted to match the computed EWs to the observed ones while satisfying the following three constraints simultaneously: First, the microturbulence, ξt, assumed to be isotropic and depth independent was determined by the requirement that the Fe abundance from Fe II lines be independent of a line's EW. Fe II lines are preferred over Fe I as they cover a small range in LEP so that the derived abundance will be free of non-LTE effects, and cover a good range in EWs so that ξt will be measured accurately. A check Table 4 . Basic photometric and spectroscopic atmospheric parameters for the stars in each cluster. on the ξt is provided by lines of Sc I, Ti I, Ti II, V I, Cr I and Cr II species. Second, the effective temperature, T eff , is estimated by imposing the requirement that the Fe abundance from Fe I lines (as they cover a good range in LEP ∼ 0.0 to 5.0 eV) be independent of a line's LEP (excitation equilibrium). This condition is also verified with the lines of other species like Ti I and Ni I. Third, the surface gravity is adjusted until the Fe abundance derived by Fe I and Fe II lines matched within 0.02 dex (i.e. maintaining the ionization equilibrium between the neutral and ionized species) for the derived T eff and ξt. A check on this condition is also performed by Sc, Ti, V, and Cr species as they provide both neutral and ionized lines. As all these atmospheric parameters are interdependent, several iterations are needed to choose a suitable model from the grid so that all the spectral lines in observed spectra are readily reproduced. The error analysis on the derived spectroscopic atmospheric parameters was performed in the same way as described in Paper II. The typical errors considered in our analysis are 100 K in T eff , 0.25 cm s −2 in log g and 0.20 km s −1 in ξt. The derived stellar parameters for program stars in each of the cluster are given in Table 4 . With few exceptions, our spectroscopic estimates are in good agreement with photometric ones. The uncertainties affecting the photometric estimates are discussed in Paper II, and were ascribed to adopted colors and reddening estimates. The mean difference in photometric temperatures estimated using (B-V) and (V-K) is +53 ± 279 K and using (V-K) and (J-K) is +62 ± 236 K. The corresponding mean differences in T 
Abundances and error estimation
A complete abundance analysis was conducted by running the abfind driver of MOOG with the atmospheric parameters determined from the Fe I and Fe II lines as described in Table 5 . Sensitivity of abundances to the uncertainties in the model parameters for the star with ID 6 in NGC 1342 with T eff = 5200 K, log g= 2.80 cm s −2 ,and ξt= 1.66 km s −1 . previous section. In most cases, the abundances are derived from the measured EWs but a few lines were analysed with synthetic spectra. We computed synthetic spectra for species affected by hyperfine structure (hfs) and isotopic splitting and/or affected by blends and matched them to the observed ones by adjustment of abundances. The features analysed by spectrum synthesis, the adopted hfs data and isotopic ratios are same as those listed in our Paper II. We have tested our linelists extensively to reproduce the solar and Arcturus spectra and measured the solar abundances to establish a reference abundance scale. The spectrum synthesis was carried out by running the MOOG in 'synth' mode.
Abundance results for the individual stars averaged over all available lines of given species are presented in Tables Tables 9−12 shows that, in general, all stars in a given cluster have very similar chemical compositions [X/Fe] for almost all the elements and are identical to within the (similar) standard deviations computed for an individual star. Exceptions tend to occur for species represented by one or a few lines, as expected when the uncertainty in measuring equivalent widths is a contributor to the total uncertainty. From the spread in the abundances for the stars of a given cluster we obtain the standard deviation σ1 in the Tables 9−12 in the column headed 'average'.
The sensitivity of the derived abundances to the variations in adopted atmospheric parameters were estimated following the procedure described in Paper II. The changes in abundances caused by varying atmospheric parameters by 100 K, 0.25 cm s −2 and 0.2 km s −1 with respect to the chosen model atmosphere are summarized in Table 5 . The quadratic sum of all the three contributors are represented by σ2. The total error σtot for each of the element is the quadratic sum of σ1 and σ2. The final OC mean abundances along with the σtot from this study are presented in Table  6 .
COMPARISON WITH LITERATURE
We merged our sample of sixteen OCs with the available high-quality results in the literature to enlarge the dataset. As the abundances are collected from the literature, the data are liable to systematic errors concerning the atomic data (not only the quality of gf -values but also the choice of specific lines), model atmosphere grids employed, reference solar abundances adopted, abundance analysis programs and type of stars considered by different authors in their analysis.
Many researchers have noticed a systematic offset when combining abundance results of OCs from different authors to obtain a complete picture of chemical evolution of the Galaxy. Among such investigators are Friel et al. (2010) , Yong et al. (2012) , and more recently the robust analysis by Heiter et al. (2014) . In Table 13 of our Paper II, we offered a comparison of our abundance estimates with literature studies for the OC NGC 2682, and spotted a systematic offset of ±0.15 dex or smaller in [X/Fe] ratios for almost all elements. Our present sample also includes a OC NGC 2447 for which high-resolution spectroscopic abundance analyses have been reported by Hamdani et al. (2000) for all stars in common with our sample. Using their Table 4 , we calculated the mean abundances for all the elements and those values are presented in Table 7 in comparison with our results. While calculating their mean abundances we have not included the measurement uncertainties of the order of 0.15 dex or even larger for a few elements. We notice from the Ta- To cancel systematic errors we have followed a different procedure. The only observed quantity that has to be extracted from spectra for abundance estimates is the EW of a spectral line. On the assumption that published EWs have been measured reliably, we reestimated the cluster abundances from the EWs using our models, linelists and reference solar abundances. This approach should minimize, or even cancel out, all sorts of systematics mentioned earlier and place results on a common abundance scale. A wide wavelength coverage of echelle data employed by various authors made it easy to pick up common lines for Na, Al, α-elements, Cr I, Fe I, Fe II and Ni I, but note that for sand r-process elements measurements are often lacking in the literature, thereby making it impossible to homogenize the data for heavy elements, but still we can measure abundances for [Y/Fe] Tables 13 -14 .
This process provides a list of 69 OCs drawn from our studies and from the literature, covering a range of ∼ −0.5 to 0.3 dex in metallicity and an age of few Myr to 9 Gyr. All these OCs, except the OC data from Villanova et al. (2010) and Jacobson et al. (2007 Jacobson et al. ( & 2011 , have a highquality (S/N > 50) and high-dispersion echelle spectra (R > 25,000) observed with various telescopes and spectrographs. The OC data from Villanova et al. (2010) , Jacobson et al. (2007) have high quality spectra (S/N > 50) observed at R ∼ 17,000 and 15,000 while the OC data from Jacobson et al. (2011) was observed at two different resolutions R ∼ 10 Note, however that Mishenina et al. (2015) found a good agreement of their results with ours for one star in OC NGC 2506 in common with ours (see Table 13 in their paper), while for other OCs they too noticed a systematic offset in the results obtained by different authors.
18,000 and 21,000. Here, we emphasize that our sample contribute about 23% of the total OCs explored so far with high quality and high-dispersion echelle spectroscopy. Moreover, we have done a homogeneous and comprehensive abundance analysis extending up to s-and r-process elements. Before we use this homogeneous sample to look at trends with age and metallicity in the disk, it is worth while to know the cluster's kinematics in order to assign them to the thin or the thick disk.
Assignment of OCs to Galactic populations
The separation between thin disk, thick disk and halo populations is made by invoking the kinematic criteria used in studies of local field stars by Bensby et al. (2005 Bensby et al. ( , 2014 , Mishenina et al. (2004) , and Reddy et al. (2006) . The method of assigning OCs either to the thin disk, the thick disk or the halo relies on the assumption that an observed sample is a mixture of three stellar populations with their respective Galactic space velocity ULSR, VLSR, WLSR components represented by Gaussian distributions, with given mean values and dispersions σU , σV , σW . The remaining constraints are the relative densities of thin, thick and halo stars in the solar vicinity. The values for the velocity dispersions, the asymmetric drift and population fractions are same as those given in Table 1 of Reddy et al. (2006) .
We compute the membership probabilities P thin , P thick , P halo and the associated uncertainties using the equations and recipes described in Reddy et al.(2006) . Our program successfully reproduces the probabilities given in Reddy et al. (2006) . We associate the clusters to thin disk population as those that have probabilities greater than 75% and at least twice the probability of belonging to the thin disk over other populations (and likewise for other populations). We assume that placing a lower limit of 75% in probability ensures a minimum contamination of each subsample from the rest of the stellar populations. The clusters that do not satisfy these criteria but equally probable to belong to either thin and thick disks or thick disk and halo are assigned as respective transition objects. On account of these probabilities, NGC 2266 (one out of sixteen OCs studied by us) turned out to be a thick disk member and the remaining OCs in our sample display probabilities typical of the thin disk, not surprisingly, none belongs to the halo. Table 16 lists the computed space and GSR velocity components of OCs along with their membership probabilities.
THE CLUSTER AND FIELD STAR POPULATIONS
OCs form from dense molecular clouds. Stars in an OC have the composition of the natal cloud. It is assumed that stars within a cluster are of a common age and composition and that gas remaining with the cluster at birth is lost before it can be contaminated by the ejecta from the cluster's stars. Such ejecta are presumed to be lost to the cluster and not to contaminate the remaining stars. Stars are slowly lost from the cluster and join the field star population. Small and poorly populated OCs dissolve primarily from internal dynamical effects in less than 10 8 Myr. Clusters with intermediate masses (∼ 500 to 1000 M⊙) can survive several Intrinsic variations in [X/Fe], as distinct from those arising from systematic errors in abundance analyses, are in the main relatable to the principal sites of stellar nucleosynthesis which left their imprint on a cluster's natal cloud. For the elements considered here, the principal sites include Type II supernovae from massive stars, Type Ia supernovae from white dwarfs which exceed the Chandrasekhar mass limit, AGB stars and possibly a merging pair of neutron stars. The composition of stars in a cluster will be determined by the cumulative effect on the natal cloud of these principal sites within prior generations of stars. For a cluster, the principal sites will seed other clouds and, thus, a future generation of clusters. In contrast to the case of globular clusters, it seems improbable that nucleosynthetically-enriched ejecta from cluster members will determine the composition of the cluster except in rare cases, e.g., the creation of Barium stars in a binary star with an s-process enriched AGB star donating mass to a less-evolved companion.
Relative abundances and stellar ages
A global representation of cluster and field star compositions is provided by Table 8 Table entries come from similar but not identical analyses of spectra of comparable quality and, thus, small differences in [X/Fe] for the same element X are to be expected. Perhaps, the largest systematic differences are present between dwarfs and giants where the model atmospheres have major differences in T eff and log g and, perhaps, systematic departures from the true atmospheres and certainly differences are likely in corrections for non-LTE effects and stellar granulation (i.e., 3D effects). In addition, the convective envelope of a giant brings nuclear processed material into the atmosphere but, except for Na, our analyses do not discuss elements expected to be affected such as Li, C, N, and O.
Inspection of Table 8 shows that the [X/Fe] around the solar abundance [Fe/H] = 0 are similar in their mean values and σ for field and OC stars for almost all elements X. For the purposes of discussion, elements in Table 8 are grouped together beginning with Na and Al and ending with the heavy elements Y to Eu among which are enriched in some OCs. The remarks below refer to thin and thick disk clusters and stars.
Na and Al
Entries for Na and Al in Table 8 are expanded in Figure 4 . For Na, Figure 4 shows, as indicated in Table 8 , that [Na/Fe] for our OCs and to a smaller degree for the literature sample are slightly larger than provided by Luck & Heiter (2007) for field giants. Both the OC and field giant samples appear to yield slightly more positive [Na/Fe] than the samples of dwarfs from Bensby et al. (2014) and Luck & Heiter (2005 dwarfs is not confirmed by Bensby et al. (2014) .
That giants and dwarfs give slightly different [Na/Fe] values may be due to larger non-LTE effects for giants augmented by mild Na enrichment by the first dredge-up (see also Smiljanic 2012). Non-LTE effects for the dwarfs are negligible -see Bensby et al. (2014, their Figure 7 ). For typical red giants, Alexeeva et al. (2014) found non-LTE Na overabundances from our lines to be lowered from their LTE values by (say) about 0.1 dex, a correction sufficient to render Na in the OC giants very similar to the values seen in the dwarfs. Non-LTE effects for Fe I and Fe II lines have been estimated by Lind et al. (2012) for giants. At the metallicity of our cluster's giants (0.0 to −0.2 dex), the non-LTE corrections for both the Fe I and Fe II lines are smaller than 0.02 dex. Therefore, these corrections to our LTE Fe abundance do not affect the global behaviour of [Na/Fe] Feltzing & Gustafsson (1998) . The first dredge-up increases the [Na/Fe] by a mere 0.01 dex at 1M⊙, and 0.1 dex at 2M⊙, to approximately 0.2 dex at 3M⊙ for [Fe/H] ∼ 0.0 (Karakas & Lattanzio 2014) .
In the case of Al, the samples provide a similar mean [Al/Fe] with the exception that the clusters drawn from the literature may have a higher mean [Al/Fe] (Figure 5 ). This is not regarded as a real effect because the scatter across the sample is large.
For Na and Al, our conclusion is that [Na/Fe] 
The α-elements
Here, the α-elements comprise Mg, Si, Ca and Ti. Inspection of A similar behaviour of α-elements Si and Ca is anticipated because both (and Mg) are synthesized primarily in Type II supernovae. Although the predicted yield of Ti from these supernovae is too small, Ti is very often considered an α-element because the observed run of [Ti/Fe] with [Fe/H] in local thin and thick disc stars resembles those of Mg, Si and Ca.
The iron group
Within the run from Sc to Cu, 
Heavy elements
Even casual perusal of Table 8 shows that differences between [X/Fe] for the OCs and for field stars occur for the heavy elements. In particular, Ba, La, Ce, Nd, Sm and possibly Eu give mean [X/Fe] values that are distinctly positive with σs which are greater than the corresponding σs for individual clusters (see, for example, Table 6 ). This behaviour for Ba-Eu does not seem to apply to the lighter elements Y and Zr. This exceptional pattern for heavy elements has been noticed previously, see, for example, De Silva et al.'s (2009 , Table 2 ) compilation of [X/Fe] and σ for 24 clusters of which only one (M 67) is included our sample featured in Table 8 . (Heavy element abundances were available for a minority of the 24 clusters.) An obvious inference is that OCs clearly differ in [X/Fe] for heavy elements; across our sample, NGC 2354 (Table 11) is among the most enriched in Ba-Sm and NGC 2682 the least enriched with the range of about 0.35 dex far exceeding the star-to-star σ of 0.05 dex or less. Moreover, stars like those in NGC 2682 seem not to have their counterparts in the samples of field dwarfs and giants selected for Table 8 . These field-cluster differences have to be related to the neutron-capture processes which synthesize these heavy elements.
Heavy elements from Y to Eu sample the neutroncapture processes of nucleosynthesis. The weak s-process occuring in massive stars contributes greatly to synthesis of Y and Zr. The r-process in Type II SN from massive stars and/or in merging neutron stars is the major contributor to Eu and a serious contributor to La to Sm. The main s-process from AGB stars is the dominant contributor to Ba and an appreciable contributor to La to Sm. The s-process contribution to solar abundances is 85% for Ba, 75% for La, 81% for Ce, 45% for Nd and 3% for Eu (Burris et al. 2000) .
Examination of Table 8 suggests that Y has similar [X/Fe] in cluster and field stars (see Figures 9) . Although Zr has yet to be measured in field dwarfs and giants, it would appear that Zr in OCs is consistent with the claim that Y In contrast to Y (and Zr), the mean [X/Fe] for Ba-Sm for the OCs are greater than in field stars (Table 8 and Figure 10 ) and, as we show in Section 7, there is a clear variation in [X/Fe] 
INTRACLUSTER ABUNDANCE VARIATIONS
The proposal that Galactic field stars began life in open clusters implies a close match between the compositions of field and cluster stars. In the previous section, we showed that the [X/Fe] for field and cluster stars over the [Fe/H] range sampled by the OCs were similar with regards to mean values of [X/Fe] and their σ except for heavy elements from Ba to Eu; [X/Fe] for the latter elements span a range exceeding that expected purely from measurement uncertainties. For our OC sample, it is apparent too that the σ for [X/Fe] for each element is noticeably larger than the σ derived from the several stars in a given cluster with the latter σ being comparable to that expected from the measurement uncertainties (see Table 5 ). These two features suggest that there are measurable differences in some [X/Fe] values amongst clusters.
Composition differences between clusters offer the opportunity to exploit a technique known as 'chemical tagging' (Freeman & Bland-Hawthorn 2002) . On the assumption that all stars in a given cluster have the same composition, the composition is a tag or label identifying cluster members even after the cluster has dissolved. The efficacy of chemical tagging depends -obviously -on there being measurable differences in composition from cluster to cluster.
Our sample of sixteen clusters offers an excellent opportunity to assess the role which chemical tagging might play in Galactic forensics (i.e., in searching for solar twins and siblings, tying stars in moving groups, superclusters and stellar streams to potential parent open clusters). Stars in our sample are similar red giants analysed identically and, thus, systematic errors affecting the abundances and abundance ratios [X/Fe] should be consistent (and small) across the sample which spans a small range in metallicity [Fe/H].
Composition differences which might be the basis for chemical tagging are most likely to be found among elements whose synthesis samples different nucleosynthetic processes. Differences should be minimized for elements sampling a single or very similar nucleosynthetic processes. Our assessment Examination of Table 8 listing the [X/Fe] for field and cluster stars points very clearly to a difference in [X/Fe] for heavy elements. Among these heavy elements, the clusterto-cluster scatter is small for Y and Zr, larger for Ba to Sm and somewhat smaller for Eu. Synthesis of Eu is primarily attribtable to the r-process occurring in either Type II supernovae and/or neutron star mergers. The r-process makes a contribution to the other sampled heavy elements (see §6.5). AGB stars and their dredge-up (and mass loss) are expected to be the dominant source of s-process products via what is known as the main s-process. Massive stars via the weak s-process may contribute to Y and Zr and lighter post-Fe elements.
The cluster-to-cluster scatter among the Y abundances is not appreciably greater than that expected from measurement errors. In Figure 13 , [Si/Fe] In contrast to the Y and Zr abundances, heavier elements -Ba to Eu -show cluster-to-cluster variations larger than the measurement uncertainties. Figure 14 A striking feature of the Ba to Eu variations is that they are not clearly related to either the s-or the r-process alone. Figure 15 Qualitatively, these relations suggest that either the r-and s-process mix for Ba-Eu across the birthplaces of these clusters is quite similar to a solar mix or they result from variations in the Fe abundance from -presumably -Type Ia supernovae. If an s-process contribution dominated the spread, the [Eu/Fe] dependence on [Nd/Fe] would be much weaker; the s-process contribution to solar abundances is just 3% for Eu against 45% for Nd. Similarly, the La and Ce trends would be steeper with solar s-process contributions of 75% and 81% for La and Ce, respectively. By a similar but inverse argument, the r-process cannot be said to dominate the cluster-to-cluster spread. Variations in the Fe abundance for a given heavy element abundance would superficially account for the approximately unit slope in the three panels of Figure 15 . Although the definitive study of elements across the YEu interval for a large sample of OCs is awaited, our results generally confirm reports in the literature. For Y, our small spread in [Y/Fe] is confirmed -see, for example, Maiorca et al. (2011) and Mishenina et al. (2013 Mishenina et al. ( , 2015 . Figure 16 shows [Y/Fe] versus age for our and other OCs. In addition, field giants from Luck & Heiter (2007) are included where we have assigned stellar ages using the relation between turn-off mass to obtain a red giant's age (Takeda et al. 2008 Figure 17 (see also Jacobson & Friel 2013) . It is difficult to ignore a suspicion that Ba presents a special problem because the Ba II lines are strong whereas the line selection for La II and Ce II includes several weak lines. However, some authors close to the abundance analyses have invoked a long-forgotten neutron-capture process to account for the high Ba abundances. Mishenina et al. (2015) reintroduce the intermediate neutron-capture i-process discussed by Cowan & Rose (1977) in which the neutron density operating the process is approximately 10 15 cm −3 . i.e., intermediate between the low densities for the s-process and the much higher densities adopted for the r-process. However, abundance predictions illustrated by Mishenina at al. (2015) appear not dissolved and contributed its stars to the field population. As shown above, the most significant abundance variations are seen among the heavy elements Ba-Eu. Abundances of elements Na-Zn and even Y and Zr display smaller variations and although such variations of some elements appear to exceed their measurement uncertainties, these variations are not obviously correlated with the tightly coupled Ba-Eu variations. In Figure 18 , we show [X/Fe] for elements NaEu for the three most Ce-enriched clusters (top panel: NGC 1662, 1342 and 2447) and the three least Ce-enriched clusters (bottom panel: NGC 2682, 2251 and 2482). The line shown in both panels connects the elements for Ce-enriched cluster NGC 1342. Relative to the most Ce-enriched clusters, the least Ce-enriched appear to be richer in Mg, Si, Cr, Co and Ni but by only about 0.1 dex Other elements exhibit even smaller differences across the spectrum of Ba-Eu abundance enrichment. These conclusions about intracluster variations for Ba-Eu and much smaller variations for lighter elements confirm comments advanced by De Silva et al. (2009) 
CONCLUDING REMARKS
One aim of our studies of the chemical compositions of red giants is to provide insights into Galactic chemical evolution (GCE). The principal GCE-related result presented here is that among our sample of young clusters with slightly subsolar [Fe/H] there is a striking spread in the overabundances of elements Ba to Eu in stars with a range from [X/Fe] ≃ 0.0, a value exhibited by field stars which are generally older, to approximately [X/Fe] = 0.3. (Ba is an exceptional elements with a higher maximum [Ba/Fe] but the great strength of the Ba II lines may give an erroneous Ba abundance,) Such a spread in heavy element overabundances from cluster to cluster has been reported previously from young associations and clusters but our analysis is the first to demonstrate clearly that the overabundances arise from contributions of both an s-process and an r-process. Thus, heavy elements from Ba to Eu are the outstanding prospects for chemical tagging.
Inspection of the [X/Fe] suggests that the [X/Fe] do not exactly mirror the solar abundance distribution, i.e., the combination of s-process and r-process is not a uniform amplification of the neutron-capture processes which gave the solar abundances. Additionally, the fact that the high [X/Fe] for Ba-Eu appears in young OCs and not older OCs and field stars suggests that the processes are long delayed in making their contributions to GCE. And the existence of spread from OC to OC in the heavy elements [X/Fe] suggests that there is incomplete mixing among the OCs' birthplaces. Such incompleteness may be due to the relative rarity of the sites for these processes and/or a long timescale for mixing.
In the spirit of speculation to encourage further spectroscopic analyses, the suggestion is made that the GCE is now influenced by r-process contributions from the mergers of neutron star binaries where at earlier times Type II supernovae were the dominant source of r-process products. For the s-process, if it is shown that a distinctly non-solar contribution is required, low mass AGB stars may now be more important contributors than intermediate mass AGB stars at earlier times. To test such speculations, it would be useful to determine the abundances of as many elements as possible for stars most enriched in Ba-Eu and then to compare the abundance distribution with that for stars least enriched in Ba-Eu.
Acknowledgements:
We are grateful to the McDonald Observatory's Time Allocation Committee for granting us observing time for this project. DLL wishes to thank the Robert A. Welch Foundation of Houston, Texas for support through grant F-634. We also thank the anonymous referee for useful comments and suggestions which led to improvement of the Paper.
This research has made use of the WEBDA database, operated at the Institute for Astronomy of the University of Vienna and the NASA ADS, USA. This research has also made use of Aladin. This publication makes use of data products from the Two Micron All Sky Survey, which is a joint project of the University of Massachusetts and the Infrared Processing and Analysis Center/California Institute of Technology, funded by the National Aeronautics and Space Administration (NASA) and the National Science Foundation (NSF). 
